The classical techniques of air shower detection are either by sampling the electromagnetic, muonic and hadronic shower components at sea-level or mountain altitudes or by recording the light produced by air scintillation of the different shower particles during shower development. For very large arrays often a combination of the two techniques is in use. Both techniques are relatively expensive if large areas have to be covered. The air scintillation techniqueeven though it is potentially superior over the sampling method -has the disadvantage of a low duty time because it requires clear moonless nights and atmospheres of low humidity. Therefore, alternative methods might be attractive. One possibility is to record the electromagnetic radiation of a shower produced in the radio band [1] . The mechanism of radio signal generation in extensive air showers has been a topic of hot discussion. Electrons and positrons produced in the cascade might give opposite contributions to the radio signal. However, processes other than pair production and bremsstrahlung generate charge asymmetries, such like Compton scattering and δ-ray production leading to a negative excess of shower particles. In the early days mechanisms of radio signal production like being due to a charge excess or geomagnetically induced electric dipole moments or geomagnetically induced transverse currents have been considered. Nowadays many arguments have been put forward which hint at the production of signals in the radio band induced by synchrotron radiation of shower particles generated in the earth's magnetic field. Theoretical studies on the radio signal generation along with prototype experiments in combination with existing air shower arrays should allow to determine the optimum frequency range for radio detection. The electronic readout system has to be adapted to this chosen frequency spectrum. The main problems which are foreseen for such a system are all possible sources of noise or unwanted signals, as: noise, including natural sources; pick up from other components in the air shower arrays; pick up from commercial radio stations; pick up from everyday electronic devices. The electronic readout system has very likely to be triggered by a signal from a classical air shower recording system. The readout from the antennae has to provide the following characteristics: electronic filtering by using appropriate high frequency and low frequency filters; pulse shaping techniques to suppress all kinds of noise with different time constants; correlations techniques to avoid random signals unassociated with showers. This can be achieved e.g. by using existing detector stations to reject random signals unassociated with air showers.
I. PHYSICS OF EXTENSIVE AIR SHOWERS Extensive air showers are initiated by the interactions of primary cosmic rays with the earth's atmosphere. Particles with energies exceeding 10 14 eV produce a cascade in the atmosphere of which shower particles reach sea level. The particle composition of extensive air showers starting with primary protons or other strongly interacting particles consists mainly of pions, kaons and other mesons which are produced in primary and secondary collisions of the incident cosmic rays. The lifetime of these particles is rather limited, being 26 ns for the charged pions and 12 ns for the charged kaons. These particles produce muons and neutrinos in their decay where both muons and neutrinos can reach sea level. In addition to charged pions also neutral pions, π 0 , are generated which decay after a very short period of time into two photons. These photons initiate the electromagnetic component of the extensive air shower. The photons multiply by electron-positron pair production, where the positrons and electrons again undergo bremsstrahlung producing photons, which in turn produce e + e − pairs. The electron-photon component is one of the dominant components of extensive air showers, in particular because also the decay of other particles produced in the cascade feeds into the electromagnetic component, e.g. from muon decay into electrons and neutrinos. At sea-level the shower particles consist mainly of electrons, positrons, photons and muons. There are at the level of per mille, depending on the energy, also hadrons present at sea level. The shower spreads in the atmosphere in the lateral direction by multiple scattering of electrons and positrons and by the transverse momenta which are imposed on particles produced in strong interactions. The lateral width of an extensive air shower of 10 18 eV can be as large as several kilometres, where the muonic component is even somewhat flatter compared to the electromagnetic component. These shower particles can be detected by sampling detectors at sea level which can be either scintillation counters or water Cherenkov counters. On the other hand the longitudinal development of the cascade in the atmosphere can also be measured by the air scintillation technique where the relativistic electrons, positrons and other charged particles produce air scintillation on the nitrogen component of the air and these photons can be measured also at sea level or mountain altitudes, but this information gives not only an idea of the shower size at sea level, but also in addition an information on the longitudinal development of air showers. It is expected and it has already been seen, that electromagnetic radiation in the radio band is also produced by extensive air showers and this would provide an additional opportunity to determine the energy and size of extensive air showers. Even though the generation mechanism of radio emission of extensive air showers seems not to be fully understood, it is believed that the major fraction of radio emission originates from synchrotron radiation of relativistic particles, which are deflected in the earth's magnetic field [2, 3] .
II. CHARACTERISTICS OF RADIO EMISSION
It is believed, that the radio emission from extensive air showers originates from geo-synchrotron radiation from the air showers particles, especially electrons and positrons gyrating in the earth's magnetic field. To determine the yield in the radio band one has to consider the longitudinal and lateral particle distributions, the particle track lengths in the atmosphere, and the energy distributions. In addition, the magnetic field geometry of the earth and the air shower evolution as a whole must be considered. Obviously, the emission of radio waves from extensive air showers is distributed over a wide frequency domain. Therefore, the development of readout electronics for the radio signals of extensive air showers depends critically on the chosen frequency band. For several reasons a frequency of around 10 MHz is favoured, because this emission stays coherent up to large distances from the shower core. This coherence is obtained for distances of the order of 1000 m. In addition, the signal strength of radio emission is largest in this particular frequency domain, at least it is higher than at higher frequencies. For comparison, for a frequency of 55 MHz the coherence is only preserved over distances of up to 300 m from the air shower core. It appears not impossible to observe extensive air showers even at larger distances, that is in the incoherent regime, but the signal will be weak and rather sophisticated air shower models are needed to describe the strength of the signal in this frequency band. Another reason for the choice of a 10 MHz frequency is that the electric field strength scales almost linearly with the primary energy of the shower particle. This actually is expected for coherent emission. It is well known that the depth of the shower maximum is a function of the primary particle energy. Primaries with high energy penetrate deeper into the atmosphere and the shower maximum is achieved at lower altitudes. If this dependence of the depth of the shower maximum in the atmosphere is taken into account the energy scaling of the radio signal becomes dependent on the distance from the shower maximum. If the idea of geo-synchrotron emission of shower particles is correct, then the radiation should be highly polarized in the direction perpendicular to the shower and the geomagnetic field axis. This offers the advantage that, if the polarisation can be measured, the hypothesis of geomagnetic emission can be directly tested. The yield of radio emission naturally depends on the zenith angle of the incident primary cosmic ray. Apart from simple projection effects one should observe an intrinsic flattening of the radio emission as a consequence of the growing distance of the shower maximum for increasing zenith angles. Since the shower particles in the extensive air shower are almost all highly relativistic, they propagate with the velocity of light through the atmosphere. The radio photons moving along with the relativistic shower particles produce a signal in a radio antenna of duration of typically 10 ns corresponding to a thickness of the shower front of the order of about 2 m. High frequencies will be less visible far from the shower axis, therefore, a choice of 10 MHz is just about right for optimum radio detection. Heavy primaries will lead to showers originating high in the atmosphere which would result in higher frequency components in the radio band. The polarisation of the pulse could possibly be dictated by the mechanism of pulse generation, i.e. perpendicular to the line of sight with the component along v × B for the charge separation mechanism.
III. BACKGROUND
One of the most difficult problems will be the suppression of background. Background arises from various sources, mundane sources like radio stations which are nearby or other electronic equipment, which may also be integrated into the air shower array. The choice of one particular frequency like 10 MHz has the advantage that one can install frequency filters to cut out the background at higher and lower frequencies. There are, of course, sources which are provided by nature which are difficult to fight and these sources of background are e.g. discharges of atmospheric electricity. They will be detected at random in intervals at a rate depending on local weather conditions and also ionospheric reflections. As already mentioned, man-made radio frequency sources include television and radio stations, police and other communication services, broad band sources and the sources within the experiment itself from electronics used maybe for other air shower detection systems. The propagation of distant natural noise sources to the receiver strongly depends on the frequency and also on the solar activity. Even galactic noise can be the dominant signal in regions which are exceptionally radio quiet in particular for frequencies in the low VHF-range, that is around 30 MHz and higher. Since 10 MHz will be the preferred radio frequency, this effect should not really affect the measurement. Anyhow, for higher frequencies in radio quiet environments the thermal receiver noise becomes the dominant effect. The main problems, which very likely will arise, are to develop methods to remove the strong Fourier components associated with narrow band radio frequency signals. The benefit that one might get from digital filtering, on the detectability of the radio signal from extensive air showers can be quite substantial. This will be discussed in the next section on electronics.
IV. READOUT ELECTRONICS Figure 1 shows a simplified block diagram of the scheme for the radio emission detection. Figure 1 Readout electronics A radio antenna is used to capture the focused radio waves and convert them into an electrical signal of the same frequency as the incoming waves.
This antenna is e.g. a simple dipole antenna. The antenna design is not a subject of this proposal. Instead existing designs like the LOPES design [4] will be used. The electrical signal is carried from the antenna to a high-sensitivity radio receiver. The signals are then amplified in a special low noise (add a minimum of radio noise to the weak incoming signals) negative feedback (for good stability and amplification) amplifier. Following the amplifier there is a frequency filter to select the band to be analysed. The analog signal is then transformed to a digital signal using FADCs. To analyse the radio signals the receiver then utilizes digital electronic circuitry (signal processor) to calculate the mathematical "autocorrelation function" describing the waveform of the amplified signal developed in the receiver. A simple mathematical treatment of this function in a computer, a Fourier transformation, can recover the spectrum of the radio emission. An additional complication in very large shower arrays such as in the AUGER-Experiment [5] is, that the resulting digital signals have to be transmitted to a central data-acquisition station via radio. The bandwidth of such a transmission is very limited, i.e. the data has to be selected and compressed accordingly.
